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DESCRIPTION 

MANUFACTURING APPARATUS OF POROUS GLASS BASE MATERIAL AND GLASS 
BASE MATERIAL FOR OPTICAL FIBER 

[TECHNICAL FIELD] 

[0001 1 , The ppesent invention relates to a manufacturing apparatus of 

a porous glass base material which is an original material for an optical fiber, and a glass base 
material for an optical fiber. 

l00 f\ ■<= ^ PreSe " t ^P lkaSion incorporates herein the patent 

application .denhfied below by reference, if applicable. 

Japanese Patent Application No. 2004-782 1 1 filed on March 1 8 2004 
[BACKGROUND ART] " " 

100031 , Fi & 1 illustrates a typical manufacturing apparatus of a 

porous glass base material. In such a manufacturing apparatus, a base member glass rod 1 is 
axis^atabiy disposed, and a burner 2 is provided in a lower section. The burner 2 repeatedly 
moves back and forthreciprocates along the longitudinal direction of the base member glasTrTi 
and ejects glass particles produced by flame hydrolysis onto the lateral surface of the base member 
glass rod 1. The glass particles are deposited sequentially in the longitudinal direction, thereby 
torming a porous glass soot 3. 

!, 000 ? ] , Above *e parous glass soot 3 are provided an exhaust hood 

^danexhau^pipeSsoastoopposethebumerZ The exhaust hood 4 and exhaust pipe 5 are 
used to errat a combustion waste gas and unattached glass particles outside. Here, if the exhaust 
gasflow.d^wi^ Forexamplcthesootmay 
breakwh.lethedeposition is being perfonne4 or a bubble may created as a resuh of vitrification 
mto a transparent glass because non^ieposited glass particles are later deposited 
J? 005 ! . To deal with these problems, Patent Document I proposes 

the followmg method. The porous glass soot 3 is housed within a tubular member 6, andthe 

^P'Pe5is pro vided m sur^tidly m emiddleofthetobuIaTmember6^ This enables the 
^g*toflowinadirec^^ 

reducingbubbles. Here, the reference numeral 7 indicates a gas inlet (see Fig. 2). 

[Patent Document 1] Unexamined Patent Application Publication No. S59-190232 
[DISCLOSURE OF THE INVENTION] 
[PROBLEMS TO BE SOLVED BY THE INVENTION] 
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^ 0006] h KCent years, optical-fiber glass base materials of 

increasmgly larger size have been developed, and porous glass soots, that is to say, the 
semifinished products, accordingly grow in size. As the diameter of a porous glass soot increases, 
a flame flow becomes more disturbed when hitting against the deposition surface of the porous 
glass soot Here, non-deposited glass particles, the linear velocity of which decreases, move 
upwards in the vertical direction and are not exhausted from the exhaust hood very well 
Consequently, the gas flow is disturbed, which causes the following problems. For example, the 
soot may break, or bubbles may be created because the non^ieposited glass particles are later 
deposited onto the porous glass soot 

l0007 ] ^ ^vantage of some aspects of the present invention is to 

prov.de a manufacturing apparatus of a porous glass base material and a glass base material for an 
optical fiber wruch can maintain an excellent exhaust gas flow even when a porous glass soot with 
a large dameter is manufactured Such a manufacturing apparatus and a glass base material can 
prevent a soot from breaking while deposition is being performed, and reduces bubbles which may 
be created as a result of vitrification into a transparent glass. 
[MEANS FOR SOLVING THE PROBLEMS] 

[0008] A ^ embodiment of the present invention is a 

manufacuzring apparatus of a porous glass base material. The manufacturing apparatus includes a 
burner repeatedly moving back and forthreciprocating in a direction along a longitudinal direction 
of m> axis-rotating base member glass rod, where «he burner ejects and deposits glass particles onto 
the base member glass rod, and an exhaust hood positioned above a porous glass soot formed by 
the deposition of the glass particles, where the exhaust hood repeatedly moves back and 
forthreaprocates in a same direction as the burner in synchronization with the burner Here the 
exhaust hood surrounds a portion of the porous glass soot corresponding to an angle 6 of 1 00° or 
more with respect to an axial centera central axis of the porous glass soot 
[ ^ ] Here ' *« «ngte 6 may be preferably 180° or more. 

Furthermore, the exhaust hood may be positioned so as to oppose the burner with the porous glass 
soot therebetween. 

[0010] Here, the base material can be easily taken out in such a 

manner that a folding mechanism is provided on an upper surface of the exhaust hood to adjust the 
angle 6. In addition, the amount of non^leposited soot which grows on the end surface of the 
exhaust hood can be reduced in such a manner that an edge surface of an opening of the exhaust 
hood is formed by a curved surface. 

^° 01 ^ A t** 0 ™* embodiment of the invention is a manufacturing 

apparatus of a porous glass base material. The manufacturing apparatus includes a burner 
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repeatedly moving back and forthreciprocating in a direction along a longitudinal direction of an 
ax.s-rotat.ng base member glass rod, where the burner ejects and deposits glass particles onto the 
base member glass rod, and an exhaust hood positioned above a porous glass soot formed by the 
deposition of the glass particles, where the exhaust hood repeatedly moves back and 
forthrec.procates in a same direction as the burner in synchronization with the burner Here, 0 < 
r/« < IS. when r denotes an offset between (Q an extended line of a line connecting a central axis 
of the burner and an axial centera central axis of the porous glass soot (hereinafter simply referred 
to as a central axis line of the burner) and (ii) a central axis line of an exhaust pipe of the exhaust 
hood which is parallel to the extended line (hereinafter simply referred to as a central axis line of Ae 
exhaust pipe), and R denotes a radius of the exhaust pipe. 

^° 0I2] Here - exhaust P'Pe may be positioned higher in a vertical 

direction. 

[ °°' 31 A glass base material for an optical fiber relating to an aspect 

of the mvention can be manufactured in such a manner that a porous glass base material is formed 
by using the manufacturing apparatus described above, and heated at a high temperature to be 
sintered and vitrified into a transparent glass. 

[0 °| 4] j . Here > ne cessary features of the present invention are 

not hstedm the summary of the invention. The sub-combinations of the features may become the 
invention. 

[EFFECT OF THE INVENTION] 

t001 5J According to a first embodiment of the invention, an exhaust 

hoed surrounds a portion of a porous glass soot corresponding to an angle 6 of 100° or more. 
With this configuration, the flow of non-deposited glass particles and the exhaust gas flow are not 
d.sturbed and thus emitted outside excellently, not only when the diameter of the porous glass soot 
is still small at the beginning of the deposition process but also when the diameter becomes large at 
a later stage of the deposition process. Note that a large angle 9 makes it difficult to take the 
rx,rousglasss(X)toutattheendofthederx)sitionprocess. This drawback, however, can be solved 
by providing a folding mechanism on the upper surface of the exhaust hood. 
[0 ° 16] According to a second embodiment of the invention, a ratio 

nR is set to 1 .5 or lower, when r denotes an offset between the central axis line of a burner and the 
central axis line of an exhaust pipe and R denotes the radius of the exhaust pipe With this 
configuration, a flame flow, the linear velocity of which decreases when the flow hits against a 
deposition surface, is excellently emitted outside together with non<ieposited glass particles 
Tnus,thegasflowisnotdisturbed. As a result, the soot does not break, and the porous glass base 
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material obtained does not include bubbles which may be created by later deposited non-deposited 
glass particles. 

[BRIEF DESCRIPTION OF THE DRAWINGS] 

f°° ,7] Fig. 1 is a vertical cross-sectional view schematically 

illustrating an example of a typical manufacturing apparatus of a porous glass base material. 

Fig. 2 is a vertical cross-sectional view schematically illustrating an example of a 
typical exhausting apparatus. 

Fig. 3 is a vertical cross-sectional view schematically illustrating an example of a 
manufacturing apparatus of a porous glass base material, including an exhaust hood relating to a 
first embodiment of the invention. 

Figs. 4A and 4B are schematic vertical cross-sectional views used to describe a folding 
mechanism provided on an upper surface of an exhaust hood relating to an aspect of the invention. 

Fig 5 includes schematic cross-sectional views to illustrate the shape of an edge 
surface of an opening of an exhaust hood, where Fig 5A shows a structure relating to an aspect of 
the invention and Fig. 5B shows a typical structure. 

Fig. 6 is a vertical cross-sectional view schematically illustrating a relation between r 
and R, where r denotes an offset between the central axis line of a burner and the central axis line of 
an exhaust pipe and R denotes the radius of the exhaust pipe. 
[BEST MODE FOR CARRYING OUT THE INVENTION] 

[0018J Hereinafter, the present invention will now be described 

through preferred embodiments. The embodiments do not limit the invention according to claims, 
and all the combinations of the features described in the embodiments are not necessarily essential 
to means for solving the problems of the invention. 

t0019J Fi & 3 snows an example of a manufacturing apparatus 

relating to a first embodiment of the invention. 

In the manufacturing apparatus, a base member glass rod 1 is axis-rotatably disposed, 
a burner 2 for deposition of glass particles is provided, and an exhaust hood 4 is positioned so as to 
oppose the burner 2. Here, the burner 2 and the exhaust hood 4 are supported so as to be able to 
move back and forthreciprocate in the same direction along the longitudinal direction of the base 
member glass red 1 in synchronization with each other, by a movement control apparatus 10 via a 
screw rod 8 and a motor 9. 

[002 °J Onto the lateral surface of the base member glass rod 1 , glass 

particles produced by subjecting a glass material to flame hydrolysis are deposited by means of the 
burner 2, so that a porous glass soot 3 is formed Here, nonKleposited glass particles are emitted 
outs.de, together with the exhaust gas, via the exhaust hood 4 which is positioned above the porous 
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glass soot 3, and then the exhaust pipe 5. The exhaust hood is provided so as to surround a 
portion of the porous glass soot 3 corresponding to an angle 6 of 100° or more with respect to the 
axial centerthe centra] axis of the porous glass soot 3. 

t002I] The angk 9 is increased so that the flame flow from the 

burner 2 is enclosed by the exhaust hood and excellently emitted without disturbing a nearby gas 
flow. According to this configuration, the flame flow is excellently emitted outside via the 
exhaust hood without disturbing a gas flow even when the porous glass soot 3 has a large diameter 
atalater stage ofthe deposition, as well as when the diameter ofthe porous glass soot 3 is still small 
at the begrroung ofthe deposition. This can prevent non-deposited glass particles from being later 
deposited on the porous glass soot 3. 

[0022] 11 ^ ouii be noted that a larger angle 9 makes it difficult to 

take out the porous glass soot 3 at the end ofthe depositioa Here, a folding mechanism 11 is 
provrded on the upper surface of the exhaust hood 4 as shown in Figs. 4A and 4B, to adjust the 
angle 9. According to this configuration, part ofthe exhaust hood 4 is folded upwards, so that the 
porous glass soot 3 is taken out without obstruction. 

f0023J w addition, the edge surface of the opening of the exhaust 

hood is curved as shown in Fig. 5A. With this configuration, the non^teposited glass particles are 
excellently guided to the exhaust hood, and a gas flow is not disturbed. Fig. 5B shows an edge 
surface of an opening of a typical exhaust hood, which tends to cause disturbance in a gas flow. 
^ m4 ^ Fi 8- 6 illustrates a manufacturing apparatus relating to a 

second embodiment of the present invention. In the manufacturing apparatus, the burner 2 and 
the exhaust pipe 5 are arranged in such a manner that the central axis line ofthe burner 2, which is 
desrgned to run through the center ofthe base member glass rod 1, is positioned in parallel to the 
central axis line ofthe exhaust pipe 5. Furthermore, the manufacturing apparatus is configured to 
meet the condition of 0 < rlR <1 .5, where r denotes an offset between the central axis line ofthe 
bumer2 and the central axis line of the exhaust pipe 5, and/? denotes the radius ofthe exhaust pipe 
When the flame flow, hits against the deposition surface, the linear velocity ofthe 
flame flow decreases. With the aboveslescribed configuration, however, the flame flow can be 
excellently emitted outside together with non-deposited glass particles. Accordingly, the gas flow 
.s not disturbed. As a result, the breakage ofthe soot can be avoided, and the manufacturing 
apparatus can provide a porous glass base material which does not include a bubble attributable to 
the later deposition of the non-deposited glass particles. 
[IMPLEMENTATION EXAMPLES] 

f0025] The following describes some aspects of the present 

■mention in more detail with reference to examples implementation and comparative examples. 
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Note that, however, the invention is not limited to these examples, and may include a variety of 
other embodiments. 
IMPLEMENTATION EXAMPLE 1 

A porous glass base material was manufactured with the use of the manufacturing 
apparatus shown in Fig. 3. c 

The burner 2 and the exhaust pipe 5 within the apparatus are repeatedly moved back 
a^forthreciprocatodb^^^ Aglassmaterial issuppliedto 

the burner 2 and subjected to flame hydrolysis so that glass particles are produced, and the 
produced glass particles are ejected onto the lateral surface of the rotating base member glass rod 1 
The burner 2 is coupled to a combustible gas supply pipe, a supporting gas supply pipe, and a 
material gas supply pipe (all not shown). 

[0026] 71,(5 bum er 2 is supplied with a hydrogen gas as a 

combustible gas and an oxygen gas as a supporting gas, to generate a flame flow. In addition, the 
burner 2 is provided with a tetrachlorosilane gas as a material gas, so that glass particles are 
produced as a resuh of flame hydrolysis. Here, the base member glass rod 1 may be formed by a 
quartz glass, or a core rod including a core portion and a clad portion. 

[0027] 1716 non-deposited glass particles and exhaust gas are 

emitted outside via the exhaust hood 4 and then the exhaust pipe 5. The exhaust hood 4 is 
proved so as to surround a portion of the porous glass soot 3 corresponding to an angle 6 of 1 10° 
wrth respect to the axial centerthe central axis of the base member glass rod 1 . 
[ ° m] The e |as s particle deposition was performed in the 

above-described manufacturing apparatus by supplying the material gas to the burner 2 In this 
case, the gas flow was not disturbed, and the no,vdeposrted glass particles and exhaust gas were 
emitted through the exhaust hood 4 even when the diameter of the porous glass soot became large 
at a later stage of the deposition. Consequently, the scot did not break and the non-deposited glass 
particles were not later deposited onto the porous glass soot 
[0029] 

COMPARATIVE EXAMPLE 1 

Glass particle deposition was performed under the same conditions as in the 
implementation example 1 , except that the angle 9 was set to 90°. 

The exhaust was excellently performed at an early stage of the deposition as long as 
the d,ameter of the porous glass soot 3 was small. However, as the diameter of the porous glass 
soot 3 became larger as a result of the deposition, the flame flow hitting against the deposition 
surface caused more disturbance in the gas flow. Accordingly, the flame flow, the linear velocity 
of which decreases and which includes the non^ieposited glass particles, moved upwards in the 
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vertical (Junction. As a result, the exhaust of the flame flow via the exhaust hood 4 became less 
smooth. For this reason, the non<teposited glass particles were later deposited onto the soot, and 
bubbles were created when the porous glass base material was vitrified into a transparent glass. 

IMPLEMENTATION EXAMPLE 2 

A porous glass base material was manufactured with the use of the manufacturing 
apparatus shown in Fig. 6. 8 

The offset between the central axis line of the exhaust pipe 5 and the central axis line 
ofthebumer2wassetto0.5-, l.O-.and 1 .5-fold larger than the radius R of the exhaust pipe, in such 
a manner that the central axis line of the exhaust pipe 5 was positioned higher in the vertical 
direction. Under these conditions, glass particles were deposited onto the base member glass rod 
1. Even though the linear velocity of the flame flow hitting against the deposition surface 
decreased, the flame flow was excellently emitted outside together with non^leposited glass 
particles. As a result, the gas flow was not disturbed under each of the conditions. Accordingly 
the soot did not break, and the porous glass base material manufactured by the manufacturing 
apparatus did not have a bubble which can be created if the non^ieposited glass particles are later 
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[0031] 

COMPARATIVE EXAMPLE 2 

Glass particle deposition was performed under the same conditions as in the 
implementation example 2, except that the offset between the central axis line of the exhaust pipe 5 
and the central axis line of the burner 2 was set to 2.0-fold larger than the radius R of the exhaust 
p.pe. When the flame flow hit against the deposition surface, the non-deposited glass particles 
that moved towards the upper side of me base material were excellently emitted outside, but the 
rKKKieposrted glass particles that moved towards the lower side of the base material could not be 
emrtted very well. Therefore, the non^ieposited glass particles were later deposited, and a bubble 
was created. 

[0032] WW' 6 m e present invention has been described with the 

embodiments, the technical scope of the invention is not limited to the above^lescribed 
embedments. The embodiments may be modified or improved in many different ways It is 
apparent to persons skilled in the art from the claims that such modifications or improvements can 
be included in the technical 
scope of the invention. 
(INDUSTRIAL APPLICABILITY] 



[0033J According to some aspects of the invention, a soot is 

prevented from breaking while glass particles are being deposited, and only few bubbles are created 
as a result of vitrification into a transparent glass. Thus, a high^uality glass base material for an 
optical fiber can be provided at a low cost 
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